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Abstract

INTRODUCTION: BioSteel High Performance Sports Drink (BioSteel) is one of
the most popular sports supplements consumed by professional and amateur
athletes. BioSteel Inc® claims that consumption of BioSteel before and during
exercise will result in “enhanced energy while delaying the onset of muscular and
mental fatigue”. PURPOSE: Assess the efficacy of BioSteel supplementation on
anaerobic and aerobic exercise performance as well as sport-specific cognition
throughout exercise. METHODS: Eleven exercise-trained men completed a
simulated hockey game on a cycle ergometer under two experimental conditions:
BioSteel and isoenergetic placebo. Measures of exercise performance and
cognition were assessed before, throughout and after the game. RESULTS:
When compared to placebo, BioSteel supplementation significantly improved
mean power output and decreased time to complete a simulated overtime period
as well as significantly enhanced selective attention following the third period.
CONCLUSION: BioSteel consumption before and throughout a simulated hockey

game improves exercise performance and potentially augments cognition.

Keywords

Branched chain amino acids, BioSteel High Performance Sports Drink, exercise

performance, cognition
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1 Introduction

Recently, High Performance Sports Drink (BioSteel) has become one of the most
popular sports supplements consumed by amateur and professional athletes.
BioSteel Inc® claims that consumption of BioSteel before and during high
intensity exercise will result in “enhanced energy while delaying the onset of
muscular and mental fatigue”. To date, the efficacy of BioSteel in attenuating
muscular and mental fatigue during high intensity exercise has yet to be

assessed objectively.

Amino Acids and more specifically, branched chain amino acids (BCAA) are the
principle ingredient within BioSteel (~7 g*500 mL™"). Based on research
demonstrating that BCAA influence cerebral serotonergic neurotransmission
(Newsholme et al., 1987) and skeletal muscle metabolism (Lemon et al., 1982),
pre-exercise BCAA supplementation has become a common dietary practice

among athletes hoping to augment exercise performance and/or cognition.

Interestingly, although one laboratory-controlled (Mittleman et al., 1998) and one
field study (Blomstrand et al., 1991) have demonstrated an ergogenic benefit of
BCAA supplementation, the majority of studies have reported no improvement in
exercise performance (Wagenmakers et al., 1992; Varnier et al., 1994;
Blomstrand et al., 1995; van Hall et al., 1995; Madsen et al., 1996; Blomstrand et
al., 1997; Pitkanen et al., 2003; Watson et al., 2004; Greer et al., 2011).
However, results should be interpreted with caution as only Greer and colleagues
(2011) controlled for total energy between experimental conditions, so most of
the study outcomes could be confounded. Furthermore, it is important to note
that all the aforementioned studies investigated the effect of BCAA
supplementation on either aerobic or anaerobic exercise performance in
isolation. Of course, most sports require simultaneous activation of both energy
systems, so laboratory measures of anaerobic and aerobic exercise should be
investigated concurrently in order to assess accurately the efficacy of BCAA

supplementation on overall sport performance.



In contrast, the majority of research has demonstrated significant improvements
in cognitive function following BCAA supplementation (Blomstrand et al., 1991;
Blomstrand et al., 1991b; Hassmen et al., 1994; Blomstrand et al., 1997; Wisnik
et al., 2011). However, one BCAA study that controlled for total energy intake
between experimental trials did not demonstrate an improvement in cognition
(Cheuvront et al., 2004) but in that study participant dehydration could have
confounded the results (Grandjean & Grandjean, 2007). Furthermore, it is
important to note that Wisnik and colleagues (2011) are the only group to employ
measures of cognition during exercise and even then, only one aspect of sport
cognition was assessed. Therefore, while it appears that BCAA supplementation
has the potential to augment post-exercise cognitive function, the effect on

cognition during exercise remains unclear.

In addition to BCAA, BioSteel also contains small amounts of glycine, glutamine,
taurine, B-vitamins and sodium but other than sodium, there is limited scientific
evidence supporting an ergogenic benefit of the other ingredients on exercise
performance. Moreover, while research suggests sodium ingestion plays a role in
rehydration, the quantity in BioSteel is unlikely to provide any benefit (Maughan &
Leiper, 1995; Convertino et al., 1996).

Despite the equivocal research on the ergogenic properties of BCAA and the
additional above-mentioned ingredients, BioSteel continues to surge in
popularity, which suggests its study is a viable area of research. Furthermore, as
a BCAA-based sports drink, BioSteel provides an ideal platform to investigate the
interrelationship between BCAA supplementation, anaerobic/aerobic

performance, and cognition during exercise.

Therefore, the purpose of this study was to assess the efficacy of BioSteel
supplementation on exercise performance and cognitive function throughout a
simulated hockey game. Tests of aerobic and anaerobic exercise performance
as well mental tasks assessing several areas of sport-specific cognition were

conducted before, throughout, and following the simulated hockey game. It was



hypothesized that when compared to an isoenergetic placebo, BioSteel
supplementation would not improve measures of aerobic or anaerobic exercise
performance, but would augment cognitive functioning throughout the simulated

hockey game.



2 Literature Review

2.1 Overview of Sports Nutrition

It is well established that nutrition is a fundamental component of physical
performance; many physiological functions are influenced by an athlete’s
nutritional status (Gordon et al., 1925; Maughan & Poole, 1981). It has been
demonstrated that the total energy content (Sherman et al., 1989; Wright et al.,
1991), macronutrient composition (Maughan et al., 1997; Wu & Williams, 2006),
and timing (Neufer et al., 1987; Wright et al., 1991) of pre-exercise nutrition can
influence sport performance (for review see Hargreaves et al., 2004).
Dissemination of the interrelationship between nutrition and sport performance
has resulted in athletes in most sports manipulating their diets in order to

augment performance.

2.2 Sports Supplement Industry

The growing appeal of nutrition as an aid to enhance performance has been
paralleled by the evolution of the dietary supplementation industry (Applegate &
Grivetti, 1997). This industry is characterized by a variety of ingestible food-like
products, including bars, gels and beverages that are intended to supplement
one’s diet (U.S. Food & Drug Administration, 2009). According to Agriculture and
Agri-Food Canada, the Euromonitor (April 2010) reported that the global sports
nutrition market, excluding sports beverages, grew from an estimated $4.2 billion
USD in 2008 to $4.7 billion USD in 2010, and is predicted to continually grow by
2.2% annually. Coinciding with market trends, the prevalence of dietary
supplement use amongst Canadian athletes at successive Olympiads increased
from 64% in 1996 to 74% in 2000 (Haung et al., 2006). More recent surveys
reported that 99% of 211 Canadian University varsity athletes (Kristiansen et al.,
2005) and 87% of 404 Canadian Sport Centre athletes (Lun et al., 2012) had

taken at least 1 dietary supplement in the last six months.



2.3 Amino Acids & BCAA

Individual amino acids are one of the most highly marketed and consumed
dietary supplements amongst professional and Olympic athletes (Schrdoer et al.,
2002; Juhn, 2003; Williams, 2005; Haung et al., 2006). The 20 different amino
acids found within dietary protein serve important and distinct physiological
functions (Wu, 2009). During exercise, amino acid oxidation augments fuel
supply, blood glucose concentration and tricarboxylic acid cycle (TCA)
intermediates (Brooks, 1987). Of the 20 dietary amino acids, eight are classified
as indispensable and must be provided exogenously via dietary protein
consumption, as in-vivo synthesis is insufficient (Rose et al., 1954). Of particular
interest to this review are leucine, isoleucine and valine, three indispensable
amino acids, which constitute the “branched-chain amino acids” (BCAA).
Historically, athletes have supplemented with BCAA as of a result of their
proposed ability to augment protein turnover (MacLean et al., 1994; Tipton et al.,
1999; Blomstrand et al., 2001). Further research demonstrating the influence of
BCAA on skeletal muscle oxidative metabolism (Lemon et al., 1982; Rennie et
al., 1996) and brain neurochemistry (Newsholme et al., 1987) during exercise
has resulted in pre-exercise BCAA supplementation receiving considerable

attention as a potential ergogenic aid.

2.4 BCAA & Aerobic Exercise Performance

To date, the overwhelming majority of animal and human research is equivocal
relative to whether acute pre-exercise BCAA consumption can improve aerobic

exercise performance.

2.4.1 Animal Studies

In 1997, Calders and colleagues investigated the effect of pre-exercise BCAA
supplementation (30 g) in rodents on treadmill run time to exhaustion. It was
reported that when compared to a placebo, BCAA supplementation improved
exercise time significantly. Subsequently, Calders and colleagues (1999)

compared pre-exercise ingestion of placebo, glucose (100 mg), BCAA (30 mg)



and BCAA + glucose (30 mg + 100 mg) on time to exhaustion in rodents.
Similarly to the 1997 investigation, BCAA consumption improved total exercise
time significantly when compared to placebo. However, the provision of BCAA in
addition to carbohydrates (glucose + BCAA trial vs glucose only trial) did not
enhance exercise performance. These results suggest that the ergogenic benefit
of BCAA supplementation is either influenced by carbohydrate availability or
simply dependent on energy provision. It is important to note that the energy
provision theory was previously refuted by Verger and colleagues (1994) as they
demonstrated that pre-exercise supplementation of BCAA, compared to an
isoenergetic amount of carbohydrate, impaired performance and shortened time

to exhaustion at moderate intensity.

2.4.2 Human Studies
Building on Lemon and Mullin’s (1980) proposed theory that BCAA metabolism

during exercise is dependent on muscle glycogen status, Wagenmakers (1992)
and Varnier et al. (1994) investigated the effect of BCAA supplementation on
short-term exercise performance in a glycogen-lowered state. Both studies
presented congruous results; supplementation with 30 g of BCAA 90 min before
exercise (Wagenmakers, 1992) or ~20 g of BCAA 70 min before exercise
(Varnier et al., 1994) did not improve time to exhaustion or total work completed,
respectively. However, it should be emphasized that the duration of exercise
during these studies was relatively short (30-40 min) and therefore potentially not
long enough to lower muscle glycogen or augment reliance on BCAA

metabolism.

Subsequent studies investigated the effect of BCAA supplementation on
prolonged endurance exercise. A marathon field study in which participants were
either supplemented with placebo or BCAA (16 g divided over 4 doses)
demonstrated that slower runners (time to completion >185 min) who consumed
BCAA were 3% (5-6 min) faster than their placebo counterparts, whereas no

significant difference in race time was observed in runners who completed the



race in <185 min (Blomstrand et al., 1991). However, it is important to note that
all participants were provided with access to water and carbohydrate beverages
ad libitum throughout the race, which may have confounded the results. An
ensuing laboratory-controlled study conducted by Blomstrand and colleagues on
trained cyclists (1997) found that intake of BCAA (90 mgekg body mass™) before
and during a 60 min cycling effort (work rate ~70% VO2max) did not improve total
work completed during a subsequent 20 min maximum effort when compared to
a placebo. In both these studies, participant training status appeared to influence
results; BCAA supplementation did not improve performance of trained cyclists or
superior marathoners. A rationale for this phenomenon could be that trained
athletes have adapted their energy metabolism to meet the metabolic demands
of the exercise and thus have a decreased reliance on exogenous substrate for
ATP production.

It is theorized that exercise capacity in a warm environment is limited as a result
of hyperthermia and ensuing central fatigue (Nielsen, 1992; Nybo, 2004). Given
that delaying the onset of central fatigue is one of the proposed mechanisms in
which BCAA enhance performance, exercising in the heat provides a great
venue to study the efficacy of BCAA supplementation. In 1998, Mittleman and
colleagues reported that BCAA consumption (9.4 g for females; 15.8 g for males,
divided over numerous doses) improved cycling time to exhaustion (40%
VOypeak) at 34°C when compared to placebo. Conversely, Watson and associates
(2004) demonstrated that when compared to placebo, BCAA supplementation
(5.4-18.0 g) prior to and during prolonged cycling (~50% VO2peak) at 30°C, did not
affect time to exhaustion. However, here it should be noted that although no
significant improvement in performance was found, four out of seven athletes
demonstrated improvements in time to exhaustion during the BCAA trial,

suggesting that Watson’s investigation may have been underpowered.

Carbohydrate ingestion prior to and during exercise can improve exercise

performance (Coyle et al., 1983; Neufer et al., 1987). As a result, studies have



evaluated the ergogenicity of BCAA supplementation combined with
carbohydrate consumption. The co-ingestion of a carbohydrate + BCAA
beverage throughout exercise (6% carbohydrate + 7 geL™" BCAA) was found to
not alter total work over an 80 min bout of cycling (60 min at ~75% VOzmax
followed by a 20 min cycling time trial) when compared to carbohydrate ingestion
alone (Blomstrand et al., 1995). Similarly, van Hall and colleagues (1995)
reported that pre-exercise consumption of carbohydrate (6% sucrose), low BCAA
+ carbohydrate (+ ~7. 8g BCAA) or high BCAA + carbohydrate (+ ~23.4 g BCAA)
resulted in non-significant differences in cycling time to exhaustion at a workload
equivalent to 70-75% VOgzpeak. Furthermore, the addition of 18 g BCAA to a
carbohydrate beverage (5%) did not significantly improve 100 km cycling trial
time to completion amongst well-trained cyclists when compared to carbohydrate
alone (Madsen et al., 1996). However, it is worth mentioning that in line with
research conducted by McLean and colleagues (1994), BCAA supplementation
increased plasma ammonia concentration substantially; rising from ~60 umoleL™"
at baseline to ~180 umoleL™" at exhaustion (van Hall et al., 1995; Madsen et al.,
1996). Elevated ammonia within the central nervous system has been theorized
to impair neurogenic transmission and play a role in the etiology of central fatigue
during exercise (Nybo & Secher, 2004). Therefore, the observed increase in
ammonia concentration could explain why BCAA supplementation did not

enhance performance.

In all aforementioned studies, total energy of beverages between trials was not
matched. Greer and colleagues (2011) provided isoenergetic BCAA or
carbohydrate beverages followed by a 90 min cycling bout (~55% VO2peak) and
still found no significant difference in mean distance cycled during a subsequent

15 min time trial.

2.5 BCAA & Anaerobic Exercise Performance
To my knowledge, only one study to date has investigated the relationship

between acute BCAA supplementation and anaerobic exercise performance.



Briefly, when compared to a placebo, pre-exercise leucine consumption (200
mgekg body mass™) did not improve anaerobic running time to exhaustion (a
series of 20 sec sprints, at an increasing treadmill speed [0.38mes™] for each
successive run, separated by 60 sec rest) (Pitkanen et al., 2003). Similarly, no
significant difference was reported between placebo and leucine ingestion (100
mg-kg body mass™) in counter movement jump height following a 90 min heavy
strength exercise session (bench press, deep squats, hurdle jumps, etc.)
(Pitkanen et al., 2003).

2.6 BCAA, Exercise & Cognitive Performance

There is little doubt that psychological factors contribute to an athlete’s
performance. As a result of the high-paced, dynamic environment of many
sporting events, athletes are required to integrate a multitude of cognitive skills in
order to make decisions quickly while under physical stress (Tenenbaum & Bar-
Eli, 1993). Anecdotally, accumulating physical fatigue throughout a sporting
event can impact an athlete’s cognitive performance and result in “mental errors”
late in the game. Plasma BCAA concentration has been postulated to influence
the onset of central fatigue and thus play a potential role in augmenting cognitive
performance during prolonged exercise and/or sporting events (Blomstrand,
2006).

2.6.1  Animal Studies

To date, limited research has been conducted on BCAA supplementation and
cognition during exercise in animals. Pilot work conducted by Fretwell and
colleagues (2006) investigated the effect of BCAA supplementation on canine
cognitive function via the number of errors made while navigating a foreign
obstacle course. When compared to carbohydrate consumption only, pre-
exercise ingestion of carbohydrate + BCAA had no significant effect on the total

number of errors made during the final trial of the obstacle course.
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2.6.2 Human Studies

In the previously mentioned field study conducted by Blomstrand and colleagues
(1991), a subsample of 16 participants (8 placebo, 8 BCAA) completed the
Stroop color word task 1-2 h before and after a 30 km cross-country race. In the
BCAA condition, the “color-word” and “word” subsections of the Stroop task were
improved significantly post-race. However, it is worth noting that there was no
mention of pre-trial practice of the cognitive task; therefore, noted improvements
in proficiency could be attributed to test experience. However, in a subsequent
laboratory-controlled study where participants were familiarized with the cognitive
battery prior to testing, consumption of ~6.6 g of BCAA before and during an 80
min cycling bout still resulted in post-exercise improvements in the “color”
subtask within the Stroop color word test when compared to placebo (Blomstrand
et al., 1997).

Moreover, the effect of pre-exercise carbohydrate (6%) or carbohydrate and
BCAA (+ 7.5gL™ of BCAA) consumption on cognition following a 90 min soccer
game was investigated (Blomstrand et al., 1991b). It was observed that BCAA +
carbohydrate consumption resulted in significant post-game improvements in all
subtasks within the Stroop color word test, whereas no post-exercise
improvements were noted in the carbohydrate-only trial. Further investigations
reported that the relationship between BCAA consumption and post-exercise
cognition is dependent on task complexity (Hassmen et al., 1994). The provision
of a BCAA + carbohydrate beverage throughout a 30 km cross-country race
resulted in post-exercise maintenance of simple task cognition (shape rotation
and figure identification) and improvements on complex task cognition as
evaluated via the Stroop task, whereas carbohydrate consumption alone resulted
in impairments in simple cognitive tasks and no improvement on complex tasks
(Hassmen et al., 1994). Although in the aforementioned studies it appears that
BCAA supplementation augments post-exercise cognition, total energy was not

controlled between trials, so energy intake could have confounded the results.
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In 2004, Cheuvront and colleagues compared pre-exercise carbohydrate (60
geL™ glucose + 10 gL maltodextrin) to isoenergetic carbohydrate + BCAA (60
geL™ glucose + 10 geL™' BCAA) beverage consumption on simple and complex
cognitive tasks following a 90 min cycling effort in the heat (40°C dry bulb, 20%
humidity). In order to induce similar physiological and metabolic perturbations
associated with central nervous system (CNS) impairment during exhaustion,
participants were subjected to a glycogen-lowered and hypohydrated state prior
to testing (4% body mass loss). No significant differences in any of the cognitive
tasks within either experimental condition were reported however, the
participant’s significant dehydration could have confounded the results, as a
recent review reported that a 2% decrease in body mass can impair cognition
(Grandjean & Grandjean, 2007).

In all aforementioned studies cognitive function was measured following
exercise. To the best of my knowledge, only Wisnik and colleagues (2011) have
investigated the effect of BCAA supplementation on cognition during exercise.
Wisnik and associates quantified cognition via choice reaction time tasks at 9
different time points throughout a 90 min simulated soccer game on the treadmill.
It was reported that when compared to placebo, consumption of BCAA (7 g) 1 h

prior to exercise shortened choice reaction times significantly by ~10%.

2.7 BCAA Mechanisms of Action

The two main operating hypotheses regarding the mechanism in which BCAA
supplementation augments performance and cognition during exercise are: 1)
central fatigue hypothesis - alterations in brain neurochemistry influence the
onset of central fatigue, and 2) modulation of skeletal muscle oxidative

metabolism (BCAA used as fuel).



12

2.7.1 Central Fatigue Hypothesis

2.7.1.1 Fatigue and Exercise

Broadly defined, fatigue is “any exercise-induced reduction in force generating
capacity” (Gandevia, 2001). Although fatigue is experienced commonly with
exercise and well documented, the etiology of fatigue development has yet to be
elucidated fully (Noakes, 2000; Shei & Mickleborough, 2013). The current
consensus within the literature supports the hypothesis that fatigue is a
multifaceted phenomenon, which originates either peripherally at the contracting
muscle or centrally within the central nervous system (CNS) (Davis, 1995; Shei &

Mickleborough, 2013). The remainder of this section will focus on central fatigue.

2.7.1.2 Central Fatigue

Central fatigue is characterized by a diminished neural drive to the muscle
(Gandevia et al., 1985). Seminal research conducted by Mosso (1904) laid the
foundation for the concept of central fatigue, as it was observed that muscle
fatigue was more prominent upon completion of a mentally demanding task
(Dalsgaard & Secher, 2007). Advances in the understanding of CNS functioning
have resulted in several neurobiochemical and physiological theories proposed
to explain development of central fatigue (Davis & Bailey, 1997; Meeusen et al.,
2007). Theories include: changes in motor cortex excitability (Taylor et al., 1996);
reductions in brain glycogen concentration (Matsui et al., 2011); the “central
governor theory” - neural feedback to prevent catastrophe (Noakes et al., 2001;
Noakes, 2012); and lastly, the homeostatic imbalance of free tryptophan (FTP):
serotonin (5-HT) ratio within the brain (Newsholme et al., 1987). The latter
mechanism, which is referred commonly as the “central fatigue hypothesis”, will

be discussed in detail throughout this paper.

2.7.1.3 Central Fatigue Hypothesis Overview

The central fatigue hypothesis, first proposed by Newsholme et al., (1987),

suggests that alterations in serotonergic neural activity contribute to the
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development of central fatigue. Serotonin [5-hydroxytryptamine (5-HT)], a
monoamine neurotransmitter, acts as a chemical messenger linking electrical
impulses from pre- to post-synaptic neurons (Twarog, 1954; Fuxe, 1965).
Serotonin synthesis within the raphe nuclei in the midline of the brainstem is
dependent on cerebral tryptophan concentration (Dahlstroem & Fuxe 1964;
Ashcroft et al., 1965). Circulating free tryptophan (removed from albumin)
competes against other neutral amino acids, such as the BCAA, for access into
the brain via the large neutral amino acid transporter located within the blood
brain barrier (Pardridge, 1977). Once in the CNS, tryptophan is up taken within
the neuron and undergoes hydroxylation and subsequent decarboxylation
resulting in 5-HT production (Boadle-Biber, 1993). It is important to note that
tryptophan hydroxylase, the enzyme that catalyzes the first and rate-limiting step
in serotonin production, is not saturated at rest. Therefore, increases in cerebral
tryptophan concentration are correlated with increases in serotonin synthesis
(Eccelston, 1965; Fernstom & Wurtman, 1971; Carlsson & Lindquist, 1972).

2.7.1.4 Exercise-induced Modulation of 5-HT
2.7.1.41 Animals

In 1963, Barachas and Freedman were one of the first to show that an acute bout
of exhaustive exercise (3 h swimming) augments brain 5-HT concentration. A
series of subsequent studies reported that treadmill exercise in mice (1-2 h at
20memin™") resulted in increases in plasma and cerebral free tryptophan
(Chaouloff et al., 1986), as well as increases in whole brain (Chaouloff et al.,
1985a) and cerebrospinal fluid 5-HIAA concentration (a metabolite of 5-HT)
(Chaouloff et al., 1985b). However, there appears to be no consensus on the
effect of training status on exercise-induced increases in brain 5-HT metabolism.
Acworth and colleagues (1986) reported that 5 weeks of exercise training
attenuated increases in cerebral 5-HT concentration, whereas Blomstrand and
associates (1989) concluded that trained (11 weeks) and untrained rats
experienced similar modulations in brain 5-HT concentrations in response to

fatiguing exercise.
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2.7.1.4.2 Humans

Blomstrand and colleagues (1988) demonstrated that prolonged endurance
exercise (42 km marathon) increased plasma free tryptophan while decreasing
plasma BCAA concentration. Furthermore, using the Kety-Schmidt technique,
Nybo and associates (2003) reported that during exercise (65 min at 50%
VO2max) in @ normothermic or hyperthermic state, cerebral arteriovenous
differences in free tryptophan were significantly correlated to the arterial free
tryptophan to BCAA ratio (r = 0.44). This suggests that changes in peripheral
monoamine concentrations are congruous to changes in the brain. Although it
appears that exercise modulates brain monoamine metabolism, the direct effect
of exercise on brain 5-HT synthesis in humans remains to be elucidated due to
limited serotonin transport across the blood brain barrier and the ethical
complications associated with measuring cerebral concentrations of

neurotransmitters.

Attempts have been made to quantify cerebral 5-HT activity in humans via
indirect peripheral biomarkers. Plasma prolactin concentration is one of the more
commonly studied surrogate markers of cerebral 5-HT activity, as previous
research has shown that serotonergic tone stimulates prolactin secretion (Kato et
al., 1973; Van de Kar & Brownfield, 1993). Struder and colleagues (1997)
demonstrated a relationship between augmented plasma amino acid and
prolactin concentrations during prolonged endurance exercise (5 h at either 55%
or 75% VO2max). When cycling at 55% VO2zmax, N0 changes in the ratio of free
tryptophan:BCAA or plasma prolactin were noted; however, during the last two
hours of the 75% VO2max trial, both variables were increased significantly.
Assuming the augmented peripheral free tryptophan concentration was
paralleled by increases in brain tryptophan, prolactin appears to be a measurable
biomarker of 5-HT activity during exercise (Struder et al., 1997). Nonetheless,
results should be inferred with caution (especially in women) as various

hormonal, metabolic and immune function changes associated with exercise
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have also been postulated to influence prolactin secretion (Luger et al., 1992;
Turnbull & Rivier, 1999; Dohi et al., 2003).

2.7.1.5 5-HT & Fatigue

Pharmacological intervention studies in animals and humans have solidified the
relationship between 5-HT and fatigue. Using a rodent model, Bailey and
colleagues (1993) demonstrated that pre-exercise ingestion of a serotonergic
agonist (Quipazine Dimaleate) significantly reduced time to exhaustion, whereas
ingestion of serotonergic antagonist (LY 53/857) significantly improved treadmill
running to exhaustion. Correspondingly, Wilson and colleagues (1992) concluded
that ingestion of 20 mg of paroxetine (a serotonin re-uptake inhibitor) prior to
cycling at ~70% VO2zmax in humans resulted in a significantly reduced time to

exhaustion when compared to a placebo.

2.7.1.6 BCAA Supplementation & 5-HT

As previously stated, BCAA, tryptophan, and other neutral amino acids compete
for access to the large neutral amino acid transporter located in the plasma
membrane of the blood brain barrier (Pardridge, 1977). Theoretically, the
exogenous provision of BCAA should augment the plasma tryptophan: BCAA
ratio by increasing circulating plasma BCAA concentrations. Subsequent
reductions in brain tryptophan and 5-HT synthesis should ultimately delay the

onset of central fatigue.

2.7.1.7 BCAA Supplementation & Exercise Performance

Studies that have investigated the effect of pre-exercise BCAA supplementation
on exercise performance have documented increased plasma BCAA
concentrations (Blomstrand et al., 1991; Blomstrand et al., 1995; van Hall et al.,
1995; Madsen et al., 1996; Blomstrand et al., 1997; Mittleman et al., 1998),
decreased plasma tryptophan concentrations (Blomstrand et al., 1991;
Blomstrand et al. 1995; van Hall et al., 1995; Watson et al., 2004), and
decreases in the plasma tryptophan:BCAA ratio (Blomstrand et al., 1997;
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Mittleman et al., 1998; Watson et al., 2004). However, in five of the seven above-
mentioned studies, changes in plasma BCAA and/or tryptophan concentrations

were not associated with improvements in exercise performance. As a result, the
“central fatigue hypothesis” has been largely discounted within the literature as a

mechanism in which BCAA supplementation improves exercise performance.

2.7.1.8 BCAA Supplementation & Cognition

Conversely, studies that investigated the effect of BCAA supplementation on
cognitive function following exercise reported increases in plasma BCAA
concentrations (Blomstrand et al., 1991; Blomstrand et al., 1991b; Blomstrand et
al., 1997; Cheuvront et al., 2004), decreases in plasma tryptophan
concentrations (Blomstrand et al., 1991; Blomstrand et al., 1991b), and
decreases in the plasma tryptophan:BCAA ratio (Blomstrand et al., 1997;
Cheuvront et al., 2004). In three of the four above-mentioned studies,
improvement in cognition was correlated with changes plasma BCAA and
tryptophan concentrations, indicating that the “central fatigue hypothesis” is a
potential mechanism in which BCAA supplementation augments cognition after

exercise.

2.7.2 BCAA & Skeletal Muscle Metabolism Theory
2.7.2.1 Muscle Metabolism

During aerobic exercise, the majority of energy (ATP) is supplied via oxidation of
carbohydrates and fats (Krough & Linhard, 1920). In man, the proportion of
energy derived from fat and carbohydrate oxidation is dependent on exercise
duration (Ahlborg et al., 1974), intensity (Romijn et al., 1993; van Loon et al.,
2001), and training status of the individual (Christensen & Hansen, 1939; Kiens
et al., 1993). In addition, multiple studies conducted in the 1970s and 80s
demonstrated that, albeit minor, in comparison to fat and carbohydrate, protein
oxidation contributes to total energy metabolism during prolonged exercise
(Lemon, 2000).
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2.7.2.2 BCAA Metabolism

In contrast to other amino acids, the majority of circulating BCAA metabolism
occurs extra-hepatically within the skeletal muscle mitochondria (Odessey &
Goldberg, 1972; Aoki et al., 1976; Gelfand et al., 1986). The first two of three
steps in BCAA metabolism are common to all three amino acids. The first step, a
reversible transamination, is catalyzed via branched-chain aminotransferase
(Shimomura et al., 2004). The second and rate-limiting step is an irreversible
oxidative decarboxylation catalyzed by branched-chain alpha-keto acid
dehydrogenase producing an acyl-CoA derivative (Shimomura et al., 2004).
Subsequent metabolic steps, which are distinct to each BCAA, result in the
production of acetyl-CoA or TCA cycle intermediates, i.e., succinyl-CoA
(Wagenmakers, 1998). Additionally, glutamate, a byproduct of BCAA
transamination, can undergo amination to produce glutamine or transamination
with pyruvate to form alanine, both of which are released from the skeletal
muscle and metabolized by the liver as gluconeogenic precursors (Oddessey et
al., 1974; Wagenmakers, 1998).

2.7.2.3 BCAA Metabolism & Exercise

Following the investigation of exercise-induced changes in peripheral and
splanchnic amino acid exchange, it was concluded that 40 min of cycling at
various intensities resulted in significant increases in skeletal muscle alanine
synthesis and subsequent release into the peripheral circulation (Felig & Wahren,
1971). It was theorized that exercise-induced increases in skeletal muscle BCAA

catabolism could account for the elevation in circulating alanine.

Moreover, In 1974, Stomme and Refsum demonstrated that following a 70-90 km
cross-country race, skiers had elevations in serum urea production equating to
15-70 g of protein catabolism throughout the race. Similarly, Decombaz and
colleagues (1979) reported that plasma urea values during a 100 km run
indicated that participants metabolized amino acids at an increased rate of 3.8

geh™. In 1980, Lemon and Mullin reported that in a glycogen lowered state,
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sweat urea concentrations during a 1-hour bout of moderate intensity cycling
(~61% VO2max) €quated to protein breakdown rate of 13.7 geh™ These four
above-mentioned studies provide strong indirect evidence for increased BCAA

catabolism during exercise.

In 1982, Lemon and colleagues investigated in vivo leucine oxidation during
exercise directly in rats. Briefly, rats consumed a diet consisting of radioactive
isotope L- [1-"*C] leucine, and during a subsequent 1-hour bout of exercise,
4CO; production was quantified. The noted elevation in "*CO, production during
exercise was attributed to a significant increase in leucine oxidation in the
skeletal muscle. Correspondingly, Wolfe and associates (1982) demonstrated
that 105 min of exercise (26-31% VO2max) resulted in significant increases in L-
[1-"3C] leucine oxidation in humans. The utilization of the isotope tracer
methodology in both studies provided direct evidence to support the hypothesis

that exercise augments BCAA metabolism.

2.7.2.4 BCAA Metabolism & Exercise - Mechanisms

The up-regulation of BCAA metabolism during exercise appears to be dependent
on the percent activation of branched-chain alpha-keto acid dehydrogenase (BC-

complex), the enzyme that catalyzes the rate-limiting step in BCAA oxidation.

Prolonged exercise has been demonstrated to be a potent stimulant of BC-
complex activation. In 1998, Wagenmakers and colleagues reported that
although 30 min of exercise (~70% VO2max) did not significantly increase baseline
activation, 120 min of exercise at the same intensity augmented BC-complex

activation significantly when compared to rest.

In addition to exercise duration, Kasperek & Snider (1987) reported that BC-
complex activation was dependent on exercise intensity. Compared to rest, low
intensity exercise (10 memin™) resulted in a 76% increase in BC-complex
activation, whereas higher intensity exercise (20 & 30 memin™') augmented

activation by 172% and 245% in rat skeletal muscle, respectively. Similarly,
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Bowtell and colleagues (1998) observed a significant increase in BC-complex

activation following prolonged moderate intensity exercise (2 h at 60% VO2zmax)-

Lastly, Wagenmakers and associates (1991) demonstrated that BC-complex
activation is also dependent on carbohydrate substrate availability. In contrast to
pre-exercise carbohydrate loading, pre-exercise glycogen depletion resulted in
significant increases in the proportion of BC-complex activation following 2 h of
moderate intensity exercise. A similar inverse relationship between muscle
glycogen content and BC-complex activation was reported, where low pre-
exercise muscle glycogen stores resulted in significant increases in the
percentage of BC-complex activation following 90 min of exercise (van Hall et al,
1996).

Therefore, based on the studies described above, it appears that BC-complex
activation and subsequent BCAA metabolism is proportionate to metabolic
demands; intense, prolonged, glycogen-lowering exercise augments BCCA

metabolism.

2.7.2.5 BCAA Supplementation & Muscle Metabolism

It is theorized that based on increased BC-complex activation during prolonged,
glycogen lowering exercise, the exogenous provision of BCAA could enhance
performance by modulating energy metabolism when endogenous substrate is
limited. Previously it has been demonstrated that elevated BCAA metabolism is
associated with increased skeletal muscle production and release of alanine,
glutamine and ammonia into peripheral circulation (Felig & Wharen, 1971; Aoki et
al., 1981; MacLean et al., 1994). Therefore, analysis of the above-mentioned
plasma parameters provides indirect evidence for the efficacy of BCAA

supplementation in modulating oxidative metabolism.

In the ten previously discussed studies that evaluated BCAA supplementation on
aerobic exercise performance, three of the studies quantified alanine or

glutamine plasma concentration (Varnier et al., 1994; Blomstrand et al., 1995;
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Madsen et al., 1996) and six assessed plasma ammonia concentration at
exercise cessation (Varnier et al., 1994; van Hall et al., 1995; Madsen et al.,
1996; Blomstrand et al., 1997; Mittleman et al., 1998; Watson et al., 2004). The
two studies that measured plasma alanine reported that when compared to a
placebo, BCAA supplementation resulted in no significant difference in post-
exercise plasma alanine concentration (Blomstrand et al., 1995; Varnier et al.,
1994). The two studies that examined glutamine reported that when compared to
placebo or carbohydrate trials, BCAA supplementation resulted in post-exercise
increases in plasma glutamine concentration (Blomstrand et al. 1995; Madsen et
al., 1996). With respect to ammonia, three studies reported that BCAA
supplementation resulted in no difference in post-exercise ammonia
concentration (Varnier et al., 1994; Blomstrand et al., 1997; Mittleman et al.,
1998), whereas three other studies documented post-exercise increases in
plasma ammonia following BCAA supplementation (van Hall et al., 1995; Madsen
et al., 1996; Watson et al., 2004). The indirect analysis of BCAA metabolism via
plasma biomarkers indicates that the ability of BCAA supplementation to
modulate skeletal muscle metabolism during exercise is equivocal. Therefore,
these findings provide limited support for the “BCAA metabolism” hypothesis as
one of the potential mechanisms in which BCAA supplementation improves

exercise performance.

Additionally, plasma ammonia has been hypothesized as a potential explanation
for the inability of BCAA supplementation to improve performance (Davis &
Bailey, 1997). It is interesting to note that of the three studies, which documented
a significant increase in circulating ammonia, BCAA supplementation resulted in
no significant improvements in exercise performance. However, one of the three
studies, which demonstrated no significant increase in plasma ammonia
concentration, documented an improvement in exercise performance. This
singular finding potentially supports the theory that BCAA supplementation
efficacy is dependent on plasma ammonia concentration; however, more

research on this relationship is required.
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2.8 Biosteel High Performance Sports Drink

2.8.1 Overview

BioSteel High Performance Sports Drink (BioSteel) (BioSteel Inc®, Toronto, ON)
is a commercially available sports supplement intended to be consumed before
and throughout high-intensity sporting events. In 2004, Matt Nichol, a former
Toronto Maple Leafs Strength and Conditioning coach, formulated BioSteel for
the sole purpose of providing professional athletes an ergogenic aid free of
ingredients on the NHL prohibited substances list. Since being made public in
2010, BioSteel has experienced unparalleled growth and popularity amongst
professional, amateur and weekend-warrior athletes across a variety of sports. In
May of 2014, Paul Attfield of The Globe and Mail (The Globe and Mail Inc®,
Toronto ON, Canada) commented on the popularity of the company amongst
professional athletes stating that, 28 NHL franchises, 14 NBA teams, 18 MLB
organizations, as well as 30 of the world’s top 50 professional golfers were

purchasing BioSteel Inc® products.

The growing popularity of BioSteel can be attributed to the company’s business
strategy characterized by the use of prominent professional athletes as product
ambassadors. Professional athletes such Carey Price of the Montreal
Canadiens, Tyler Seguin of the Dallas Stars, and Dez Bryant of the Dallas
Cowboys are often pictured consuming BioSteel, wearing BioSteel Inc® gear
during interviews, and attending BioSteel Inc® media events. Furthermore,
establishing partnerships with sports organizations such as Athletics Canada,
PGA of Canada, and the world-renown Gary Roberts High Performance Centre®

has enabled BioSteel Inc® to infiltrate less traditional sports supplement markets.

BioSteel, a powdered proprietary blend of amino acids (mainly BCAA), B-
vitamins and electrolytes, is sold in a 375 g tub and retails out of various sports,
dietary supplement and grocery stores throughout Canada for approximately

$70.00 CDN (~ $2.0/500 mL supplement). The recommended serving is one
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scoop of BioSteel per 250 mL of water; therefore, the average 500 mL beverage
contains 12.5 kcal of energy, consisting of 7.2 g of individual amino acids, 3.0 g

of carbohydrates, 157 mg of sodium and 3.6 mg of a B-vitamin blend.

2.8.2 Amino Acids

As the major constituent within the BioSteel and a highly researched nutritional
supplement, BCAA have been reviewed in length in the above sections. In
addition to BCAA, the proprietary blend of amino acids within BioSteel contains
glycine, taurine and glutamine. These additional amino acids will be reviewed

below.

2.8.2.1 Glycine

Glycine is a non-essential amino acid and metabolic precursor of creatine (Bloch
and Schoenheimer, 1941) and carnitine synthesis (Hochalter & Henderson,
1976). In 1941, Horvath and colleagues demonstrated that when compared to a
placebo, glycine supplementation (6 geday™') over ten weeks did not improve grip
strength (Horvath et al, 1941). Similarly, 8 weeks of concurrent aerobic exercise
training and glycine propionyl-L-carnitine supplementation (3 geday™") did not
improve aerobic or anaerobic exercise performance (Smith et al., 2008).
Although somewhat limited the available research on glycine and exercise
performance suggests that supplementation does not provide an ergogenic

benefit.

2.8.2.2 Glutamine

Glutamine, a conditionally essential amino acid, has been demonstrated to
modulate fluid and electrolyte uptake (Hoffman et al., 2010), acid-base balance
(Welbourne, 1995), and immune function (Calder & Yaqgoob, 1999). However, the
data on glutamine supplementation as an ergogenic aid to improve exercise
performance appears to be equivocal. In 1998, Haub and associates
demonstrated that when compared to a placebo, pre-exercise L-glutamine
supplementation (0.03 gekg™') did not improve cycling time to fatigue.

Conversely, acute L-alanyl-L-glutamine (0.2 gekg™', ~15 g total) supplementation
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in a hypohydrated state (2.5% body weight loss) improved time to exhaustion
when compared to placebo (Hoffman et al., 2010). Regardless, due to the limited
quantity of glutamine within BioSteel, it can be assumed that no ergogenic

benefit will be provided.

2.8.2.3 Taurine

As one of the most abundant amino acids within the muscle, taurine plays a role
in numerous physiological functions (Huxtable, 1992). Of specific interest to
exercise performance is the role of taurine in regulating intracellular calcium
concentration (Huxtable, 1992). Two weeks of taurine supplementation (0.5 gekg
'eday™) was found to improve run time to exhaustion significantly in rodents
(Yatabe et al, 2003). Similarly, Zhang and colleagues (2004) showed that one-
week of taurine supplementation (6 geday™') improved maximal aerobic capacity
significantly in rodents. However, in 2010 Graham reported that 2 mgekg™ of
caffeine supplemented with or without taurine (~2000 mg), resulted in no
significant differences in dorsiflexor contraction time to fatigue. While it appears
taurine may have an ergogenic effect, more research needs to be conducted in

humans before a consensus can be reached.

2.8.3 Sodium

Water loss during exercise via perspiration, respiration, and urination in
combination with inadequate rehydration can result in dehydration and osmotic
imbalances (Maughan, 1991; Meyer et al., 1992). Previous research has
demonstrated that ingestion of hypertonic sodium solutions can augment
intestinal water absorption (Billich & Levitan, 1969) and vasopressin secretion,
thus stimulating thirst (Zerbe & Robertson, 1983). Therefore, the inclusion of

sodium in a sports drink should theoretically enhance rehydration practices.

Following the investigation of the effect of beverage sodium concentration (2, 26,
52 & 100 mmolsL™") on rehydration following cycling in a warm, humid
environment, it was concluded that sodium concentration was related inversely to

fluid retention (quantified via urine production) (Maughan & Leiper, 1995). It is
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important to note that the optimal concentration of sodium to maximize
rehydration remains to be elucidated. However, according to ACSM guidelines,
for exercise bouts lasting longer than 1 h, 500 to 700 mgeL™" of sodium should be
included in water (Convertino et al., 1996). The average 500 mL serving of
BioSteel contains 157 mg of sodium (in comparison, 500mL of Gatorade®
contains 260 mg of sodium), which may be insufficient to influence rehydration

practices.

2.8.4 B-vitamins

A review of B vitamin function by Depeint and colleagues (2006) concluded that
B vitamins play essential roles in energy metabolism via the maintenance of
mitochondrial coenzyme and enzyme function. A subsequent review stated that
although exercise may increase requirements for certain B vitamins, limited
studies to date have demonstrated an ergogenic effect of B vitamin
supplementation on exercise performance (Ranchordas et al., 2013). Therefore,
unless the athlete is nutrient deficient, it can be assumed that B vitamin

supplementation will not result in improved performance.

2.9 Summary, Purpose and Hypothesis
Below is a condensed overview of the current literature regarding the proposed

ergogenic benefits of the main ingredients within BioSteel.

Within recent years, BCAA supplementation has received considerable attention
as a potential nutritional ergogenic aid. However, evidence regarding
supplementation efficacy in enhancing exercise performance remains equivocal.
The vague consensus within the literature can be attributed to differences in
BCAA dosage, exercise modalities, training status of participants and measures
of exercise performance between studies. When reviewing the literature on
BCAA supplementation and exercise performance it is important to note certain

methodological flaws:
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1)_Exercise modality — To my knowledge, only one study has utilized an

anaerobic measure of exercise performance, whereas all other studies have
assessed performance aerobically via time trial or prolonged time to exhaustion.
It seems logical to assess BCAA efficacy on exercise measures that require the
activation of both aerobic and anaerobic energy systems as the majority of sports

require fast, quick bursts of energy over a prolonged period of time.

2) Energy Availability — To my knowledge, only one investigation into the effect of

pre-exercise BCAA supplementation on exercise performance has controlled for
total energy between experimental conditions. This is of concern as total energy
intake before and during exercise, is known to influence exercise performance
(Sherman et al., 1989; Wright et al., 1991). Furthermore, the commonly
employed protocol of glycogen depletion prior to BCAA supplementation does
not accurately represent the metabolic state of most athletes prior to sporting

events.

In addition to improving exercise performance, BCAA supplementation has been
suggested to augment cognition following exercise. The current literature
suggests that pre-exercise BCAA supplementation is potentially beneficial in
augmenting cognition after exercise, whereas the effect of BCAA

supplementation on cognition during exercise has yet to be elucidated fully.

1) During Exercise Cognition: The meager understanding of the relationship

between BCAA and in-game/during exercise cognition can be attributed to
methodological flaws; most studies have conducted neuropsychological batteries
at ambiguous time points after exercise. As a result, the applicability of these
findings is limited; athletes are interested in nutritional ergogenic aids that
augment cognition during exercise. The one study, which conducted cognitive
measures throughout the exercise protocol, only investigated psychomotor
function (Wisnik et al., 2011). Although these findings are more applicable to

athletic performance, it must be emphasized that only one aspect of cognition
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was evaluated; therefore, the results are not a comprehensive depiction of the
relationship between BCAA supplementation and cognition during exercise. In
order to investigate the effect of BCAA supplementation on cognition during
exercise, a comprehensive neuropsychological battery addressing multiple areas

of sport cognition needs to be conducted throughout exercise.

2) Exercise Modality: To my knowledge, all studies have assessed BCAA on

cognition after completing an aerobic bout of exercise. As a result, the
relationship between BCAA supplementation, cognition, and anaerobic exercise
has yet to be elucidated. Anecdotally, anaerobic exercise such as a Wingate
cycle test or 10 s sprint results in confusion and disorientation; thus making it of
interest to observe the impact these exercise modalities might have on cognition

following BCAA supplementation.

In addition to BCAA, the limited research conducted on glycine and B vitamins as
ergogenic aids suggests that pre-exercise supplementation does not augment
exercise performance. In regards to taurine and glutamine, studies that have
demonstrated an ergogenic benefit of supplementation have used dosages that
far exceed what is provided in BioSteel; therefore, it can be assumed that neither
ingredient will provide a significant benefit. Similarly, the limited amount of

sodium in BioSteel will potentially be ineffective in augmenting rehydration.

Purpose: BioSteel has recently become one of the most popular sports
supplements consumed by amateur and professional athletes. BioSteel Inc®
claims that consumption of BioSteel before and during high intensity exercise will
result in “enhanced energy while delaying the onset of muscular and mental
fatigue”. However, the efficacy of BioSteel in attenuating muscular and mental

fatigue during high intensity exercise has yet to be assessed objectively.

To assess the efficacy of BioSteel, a double blind crossover study was

conducted in which pre- and during-exercise supplementation of BioSteel was
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compared to an isoenergetic carbohydrate placebo. To assess claims of
enhanced energy and delayed onset of muscular and mental fatigue, measures
of anaerobic and aerobic exercise performance, as well as tests assessing sport-
specific areas of cognition were completed throughout and following a simulated

hockey game on a cycle ergometer.

It was hypothesized that: BioSteel (0.18 caloriesekg body mass™') supplemented
one hour before exercise and after the 1% and 2" period of a simulated hockey
game will not improve measures of anaerobic or aerobic exercise performance

but will improve cognitive functioning.
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3  Methods
3.1 Participants

Fifteen exercise-trained men participated in this study (age 22 * 3 years, height
178 £+ 6 cm, mass 82 + 7 kg, body fat 16 £ 5%; mean + SD). All subjects were
former competitive athletes and had been participating in high intensity strength
and endurance exercise four times per week during the previous two years. All
potential participants were first screened via 11 National Hockey League (NHL)
Combine exercise tests because BioSteel was originally developed for elite
hockey players. A one-sample t-test was conducted to determine whether
participants in this present study achieved significantly different mean scores on
Combine exercise tests compared to 2012 NHL Combine athletes. Results
indicated no significant difference between our study participants and 2012 NHL

Combine athletes for any of the 11 Combine exercise tests (Table 1).

Potential participants were excluded if they had any known metabolic,
musculoskeletal or neurological diseases. In addition, participants completed a
PAR-Q and a health information form to screen out any potential
contraindications to the exercise. Participants could not have consumed BioSteel
previously and could not have been supplementing with a BCAA-based sports

drink within three months prior to testing but could be consuming whey protein.

All risks and discomforts were explained fully prior to any testing and all
participants provided written, informed consent. This study was conducted in the
Exercise Nutrition Research Laboratory (ENRL) and was approved by the Office

of Research Ethics at The University of Western Ontario.

3.2 Preliminary Visit and Baseline Testing

Prior to experimental testing, participants were required to visit the ENRL on
three separate occasions for familiarization to laboratory testing procedures and

screening/baseline measures.
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On the first visit, participants had their body composition measured and were
familiarized with the computerized, electromagnetically braked Velotron™ cycle
ergometer (RacerMate, Inc., Seattle, Washington USA), which was used for all
cycling tasks throughout the study (maximal oxygen consumption [VO2zmax],
Wingate, 1.5 km time trial and simulated hockey game). Previous research
confirmed the power accuracy of the Velotron™ to be within 3% of the power
recorded via a dynamic calibration rig during high intensity interval exercise
(Abbiss et al., 2009). All individual adjustments made to seat height, seat
distance, handle bar height and handle bar reach were recorded and used for

subsequent tests. Once familiarized, participants completed a VOzmax test.

On a subsequent day, at least 24 h after the VOzmax test, participants underwent
a modified NHL Combine fitness testing protocol. Testing was conducted in
accordance to the NHL Combine guidelines as previously described by Gledhill
and Jamnik (2014). Testing procedure (test order and allotted recovery time) was
standardized between subjects and structured to limit the influence of fatigue on
ensuing tasks. In addition to the NHL Combine tasks, participants completed a
1.5 km time trial as a measure of endurance performance on the Velotron™ cycle
ergometer. Throughout all tests, participants were provided with verbal

encouragement.

On the third day of preliminary testing, participants completed the 10 min
computer-based neuropsychological battery consisting of the Stroop Task,
Flanker Task, 4-Choice Reaction Task and Trail Making Part A/B. In order to limit
any potential learning effect during the study, the battery was completed three
times in succession separated by 10 min of passive recovery during this
familiarization testing. Finally, participants were provided an opportunity to
familiarize themselves with the simulated hockey game protocol by completing a

150 sec shift on the Velotron™ cycle ergometer.
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3.3 Experimental Overview

Participants underwent two experimental conditions: BioSteel and placebo. Each
condition consisted of a 5 h test day in the laboratory. Conditions were conducted
via a systemically rotated, double blind crossover design and were separated by
at least one week. Briefly, the first subject was randomly assigned to an
experimental condition and thereafter treatments were systematically rotated to
avoid order effects, each subject completed both conditions (BioSteel and
placebo) and neither the subject nor investigator knew which condition was which
(supplement preparation and assignment was completed by an individual not
involved in the study). All drinks were given to the participants in opaque plastic

1L Green Gatorade® squeeze bottles.

On the eve of testing, participants were provided a standardized high
carbohydrate pasta meal (2 gekg™' of carbohydrate) in order to minimize the intra-
and inter-variability of nutritional status (Jeacocke & Burke, 2010). Participants
consumed the pasta meal between 1700-2000 h with no additional
carbohydrates besides 250 mL of their preferred pasta sauce. In addition,
participants completed a self-reported 24 h food diary in order to replicate food

consumption the day preceding each trial.

On test days, participants reported to the ENRL at 0800 h after a 12 h overnight
fast. They were instructed to avoid strenuous exercise and alcohol consumption
for 24 h prior to testing. Upon entering the laboratory, the participants voided
their bladder and subsequent measures of baseline blood glucose, heart rate and
body mass were obtained. Participant body mass was determined via the
BodPod® scale (accurate to the nearest + 0.01 kg) while wearing only clean, dry
shorts and a HR monitor (Polar RS200™, Polar Electro Inc., Lachine, Canada).
Following baseline measurements, participants were allotted 15 min to consume
a standardized breakfast (~5 kcal*kg™” body mass) which consisted of 2.4

kcalekg™ of Dempster’s® Original 100% Whole Wheat Bread (Maple Leaf Foods
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Inc., Toronto, Ontario), 2.6 kcalekg™ of Kraft® Smooth peanut butter (Kraft

Canada Inc., Don Mills, Ontario) and 300mL of water.

At 0900 h, a baseline venous blood sample was taken, followed by the provision
of the experimental drink, which participants had 10 min to consume. Thereafter,
participants completed the Experimental Battery, which encompassed the entire
Psychology Experimental Building Language (PEBL) cognitive assessment as
well as three measures of exercise performance (broad jump, push-up task and
Wingate). At 0940 h, 30 min after the ingestion of the experimental drink, a
second venous blood sample was taken. Participants then rested for 15 min prior
to beginning the three-period simulated hockey protocol at 1000 h. Throughout
each period, HR, ratings of perceived exertion, mental fatigue and motivation, as
well as the one min serial subtraction task were completed at consistent time
points (Figure 1). Following the first (1045 h) and second (1150 h) period,
measures of blood glucose, body mass and the Experimental Battery were re-
assessed whilst participants consumed 500 mL of the experimental beverage
within an allotted 10 min. At the end of third period (1300 h), a 1.5 km time trial
was completed in addition to above-mentioned measurements, followed by a

third venous blood sample.

3.4 Supplementation Protocol

The BioSteel sports drink condition consisted of 0.16gekg™" body mass (0.18
kcalekg™) of BioSteel dissolved in 500 mL of water. The quantity of BioSteel
ingested was determined based on manufacture guidelines - 2 scoops (11.15 g)
per 500 mL of water for the average 70 kg male. Depending on participant body
mass, each BioSteel supplement provided between 8.2-10.4 g of amino acids, for
a total of 24.6-32.2 g of amino acids over the entire protocol (it is important to
note that BCAA are the main constituent within BioSteel’s proprietary blend of

amino acids).

In the placebo condition, the experimental beverage was designed to match the

energy, volume, taste and appearance of BioSteel. The beverage consisted of
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0.049 gekg™' of Fruit Punch Gatorade® powder combined with 0.038 gekg™ of
Dasani® Mixed Berry Drops and 0.005 gekg™ of citric acid. An isoenergetic
quantity of Gatorade (0.18 kcalekg™') was included to control for any ergogenic
benefit arising from total energy, whereas Dasani® Drops and citric acid provided

consistency in taste and appearance (lvy et al., 2003).
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Figure 1. Experimental timeline (Adapted from Noonan et al., 2007).
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As mentioned, both experimental drinks were administered in identical, opaque
water bottles. Prior to ingestion, participants were informed to not open the bottle
nor discuss the supplement with anyone. Participants ingested the experimental
beverages at three time points: 0900 h (baseline), 1100 h (1% intermission) and
1200 h (2" intermission) resulting in a total energy consumption of 0.54 kcalskg™
(~38 kcal* 70kg™ individual). At each time point participants were allotted 10 min

to consume the experimental beverage (Figure 1).

3.5 Simulated Hockey Game Protocol

The simulated hockey game was adapted from a protocol developed previously
by Noonan et al., (2007). The protocol was designed according to collegiate
hockey time-motion analysis (Green et al., 1976; Montgomery, 2000) and
replicated the high intensity intermittent nature of a typical hockey game. Slight
modifications were made to Nonnan’s (2007) protocol due to differences in
experimental equipment and the present research question and are outlined in

Figure 1 and below.

The simulated hockey game was conducted on a Velotron™ cycle ergometer
interfaced with computer based, interactive Coaching Software (RacerMate Inc,
Version 1.15). The Coaching Software’s ergometer mode ensured participants
maintained the prescribed workload (based on power achieved at VOzmax)
irrespective of cadence. Participants were provided a schematic profile of power
output throughout the period as well as real-time feedback of time elapsed, time
remaining and HR. In addition to visual feedback, research assistants informed

participants verbally 5 sec and 2 sec prior to changing power outputs.

The simulated hockey game consisted of three 40 min periods separated by 25
min of recovery. Each period consisted of the same pattern of repeated exercise,
characterized